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ABSTRACT 
The aim of this work is to develop novel, efficient and environmental friendly 
water treatment technology with low cost and low energy consumption for  
adsorptive removal of selected heavy metals such as arsenic (As) and lead (Pb) from 
aqueous system as well as membrane fouling mitigation. In order to overcome the 
shortages of adsorption and membrane technology, porous asymmetric 
nanocomposite flat sheet ultrafiltration (UF) mixed matrix membranes (MMMs) 
incorporated with hydrophilic metal oxide nanoparticle adsorbents were prepared 
through the phase inversion process. Prior to the fabrication and characterization of 
MMMs, metal oxide nanoparticles, i.e. Fe-Mn binary oxide (FMBO) with high As 
adsorption capacity and hydrous manganese dioxide (HMO) with high Pb adsorption 
capacity were synthesized and used as inorganic fillers and adsorbents in flat sheet 
polyethersulfone (PES)-based MMMs. The effects of impregnating inorganic metal 
oxide nanoparticles on the PES-based MMMs morphology, pure water flux, 
adsorption capacity, surface pattern formation and membrane fouling mitigation 
were studied by varying the loading of the metal oxide nanoparticles. Both flat sheet 
PES/HMO and PES/FMBO MMMs were characterized using scanning electron 
microscope (SEM), contact angle goniometer, atomic force microscope (AFM) and 
Fourier transforms infrared (FTIR) spectrometer. The best performing membranes 
prepared from the FMBO/PES ratio of 1.5: 1 demonstrated the pure water flux as 
high as 94.6 L/m2.h.bar and maximum As(III) uptake capacity of around 73.5 mg/g. 
On the other hand the experimental results showed that with increasing HMO:PES 
weight ratio from zero to 2.0 times, the membrane water flux was increased from 
39.4 to 573.2 L/m2.hr.bar (more than 14 times) and the optimized membranes 
fabricated from the HMO/PES ratio of 2.0 : 1 showed the highest Pb(II) adsorption 
capacity i.e. 204.1 mg/g. The continuous UF experiments showed that the optimized 
MMMs could achieve promising results by removing selected heavy metals from 
water samples by producing permeate of high quality to meet the maximum 
contaminant As level set by World Health Organization (WHO), i.e.<10 μg/L As and 
<15 μg/L Pb. Furthermore, the adsorptive performance of MMMs could be easily 
regenerated using alkaline and acidic solution. This work also contributed to the 
novel membrane design with present simple method to control nano-sized pattern 
formation (alignment of macromolecular nodules) on the polymeric membrane 
surface. Unlike the lithographical method, the proposed method allows the control of 
smaller nano-sized patterns of a large membrane area at a lower cost and further 
shows promising results in reducing membrane fouling due to the protein adsorption. 
Antifouling property of PES membrane was improved with increasing HMO:PES 
weight ratio from zero to 1.5 and most importantly, the initial pure water flux of the 
membranes could be nearly completely recovered by a simple deionized water 
washing. 
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ABSTRAK 
Matlamat penyelidikan ini dijalankan adalah untuk membangunkan teknologi 
rawatan air yang terkini, cekap dan juga mesra alam disamping dapat mengurangkan 
kos dan penggunaan tenaga untuk menyingkirkan logam berat seperti arsenik (As) 
dan plumbum (Pb) daripada sistem akueus dan dalam masa yang sama dapat  
mengurangkan kotoran membran. Bagi mencapai matlamat ini, membran kepingan 
rata ultraturasan (UF) komposit nano berliang tak simetri yang digabungkan dengan 
partikel nano oksida logam telah dihasilkan melalui proses fasa-balikan. Sebelum 
proses pembuatan membran campuran (MMMs) dijalankan, oksida dedua Fe-Mn 
(FMBO) yang berkapasiti jerapan tinggi untuk As dan mangan hidrus dioksida 
(HMO) yang berkapasiti jerapan tinggi untuk Pb telah disintesis terlebih dahulu dan 
digunakan sebagai bahan pengisi bukan organik dan bahan penjerap dalam membran 
kepingan rata berasaskan polietersulfona (PES). Kesan penggabungan oksida logam 
bukan organik terhadap morfologi membran berasaskan PES, fluks air tulen, kapasiti 
jerapan, pembentukan corak permukaan dan pengurangan kotoran dikaji dengan 
mengubah suai kandungan oksida logam tersebut. Kedua-dua membran kepingan 
rata PES/HMO dan PES/FMBO telah dicirikan dengan menggunakan mikroskopi 
imbasan elektron (SEM), goniometer sudut sentuh, mikroskop daya atom (AFM) dan 
spektroskopi inframerah jelmaan Fourier (FTIR). Prestasi membran yang terbaik 
telah dicapai menggunakan membran yang mempunyai kadar nisbah FMBO/PES 
sebanyak 1.5:1 dengan kadar fluks air tulen setinggi 94.6 L/m2.jam.bar dan kapasiti 
pengambilan As(III) yang maksimum sebanyak 73.5 mg/g. Selain itu, keputusan 
eksperimen menunjukkan bahawa dengan peningkatan nisbah berat HMO: PES 
daripada sifar kepada dua kali ganda, fluks air tulen meningkat daripada 39.4 kepada 
573.2 L/m2.jam.bar (lebih 14 kali ganda) manakala membran optimum dengan kadar 
nisbah HMO/PES sebanyak 2.0:1 menunjukkan kapasiti penjerapan Pb(II) tertinggi 
iaitu 204.1 mg/g. Ujikaji UF secara berterusan menunjukkan MMMs yang optimum 
boleh mencapai keputusan yang memberangsangkan melalui penghasilan resapan 
yang berkualiti tinggi sehingga mencapai tahap aras pencemaran maksimum yang 
ditetapkan oleh Pertubuhan Kesihatan Sedunia (WHO) iaitu <10 μg/L bagi As dan 
<15 μg/L bagi Pb dalam menyingkirkan logam berat tersebut. Selain itu, prestasi 
penjerapan MMMs boleh dijana semula dengan menggunakan larutan beralkali dan 
berasid. Hasil kerja ini juga menyumbang kepada reka bentuk baru dalam mengawal 
pembentukan corak bersaiz nano pada permukaan membran polimer melalui kaedah 
penjajaran nodul makromolekul. Tidak seperti kaedah litografik, kaedah yang 
dicadangkan ini dapat mengawal corak bersaiz nano yang lebih kecil pada kawasan 
membran yang besar dengan kos yang lebih rendah dan seterusnya menunjukkan 
keputusan yang lebih baik dalam mengurangkan kotoran pada membran yang 
disebabkan oleh penjerapan protein. Sifat anti kotoran yang ditunjukkan oleh 
membran berasaskan PES dapat ditingkatkan dengan meningkatkan kadar nisbah 
berat HMO: PES daripada sifar kepada 1.5 dan yang paling penting, fluks air tulen 
awal yang dicapai oleh membran boleh diperolehi semula sepenuhnya secara mudah 
dengan membasuh membran menggunakan air ternyahion. 
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 CHAPTER 1 
  INTRODUCTION 
1.1 Heavy Metals and their Removal Technologies 
Heavy metals are classified as metallic elements with atomic number between 
63.5 and 200.6, and a density more than 5.0 g/cm3 that are found in the earth’s crust 
(Srivastava and Majumder, 2008). Heavy metals can enter the water sources through 
the natural erosion of soil and rocks. However, the majority of heavy metals 
contamination also comes from rapid development of anthropogenic activities, 
especially in developing countries (Fu and Wang, 2011). These hazardous materials, 
contrary to some organic pollutants, metabolically are not degradable and have 
tendencies to accumulate in bodies of living beings. Many of them are well-known to 
be toxic or carcinogenic and their accumulation at higher levels even causes death to 
human. The most common hazardous heavy metals found in the surface and ground 
water sources are arsenic and lead. The following is a brief description on these two 
heavy metals. 
Arsenic, is a silver-grey semi-metallic chemical element with earthly 
abundance of around 2.5 mg/kg. It is ubiquitous and ranks twentyish element in the 
earth’s crust and 14th in seawater. Arsenic has relative molar mass of 74.92 g/mol; 
density of 5.73 g/cm3 at 25˚C and melting point of 817˚C (Mandal and Suzuki, 
2002). Arsenic normally occurs in two oxidation states: arsenate and arsenite. In 
surface waters it exists in the form of arsenate, As(V). In ground waters it mostly 
exists in the form of arsenite, As(III). As(V) is easily removed when compared to 
As(III). On the other hand, As(III)  is considerably more toxic, soluble and mobile 
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than As(V) where As(III) is sixty times more toxic than As(V) (Singh and Pant, 
2004; Hossain, 2006).  
Arsenic contaminated drinking water is a worldwide problem. The existence 
of arsenic in drinking water has been reported in more than 70 countries like USA, 
China, Bangladesh and Cambodia (Jain and Ali, 2000; Smedley and Kinniburgh, 
2002). Figure 1.1 shows a map of the regions affected by high arsenic concentrations 
and arsenic poisoning.  
 
Figure 1.1 Map of the regions affected by high arsenic concentrations and 
arsenic poisoning (WHO, 2004). 
Generally, human exposure to arsenic compounds comes from polluted water, 
food, and air contaminated by industrial and agricultural activities (DeSesso et al., 
1998; Santra et al., 2013). This is of special concern for the reason that in liquid form 
arsenic is odorless and colorless, making it impossible to recognize by sight only. 
Arsenic is extremely toxic to human being; some studies show that long term 
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drinking of arsenic contaminated groundwater can lead to cancer of the bladder, 
lungs, skin, kidney and liver (Santra et al., 2013). The World Health Organization 
(WHO) has been well known to establish standards for arsenic in drinking water 
since 1958. Nowadays, guideline for acceptable arsenic concentration in drinking 
water is 10 ppb (WHO, 1996). 
On the other hand, lead a chemical element with symbol Pb, is a member of 
group 14 of the periodic table and can be found in the environment in oxidation 
states: 0, +2, and +4, whereas it infrequently occur in elemental state, Pb(0) (Weast, 
1974), While in aqueous solution lead generally can form two classes of compounds: 
namely plumbous, Pb(II) and plumbic, Pb(IV). Sources of lead which can be released 
in the environment can be divided in two main categories: natural and anthropogenic 
sources (Wilkin, 2007; USEPA, 2010). The majority of lead polluted drinking water 
sources are related to industrial and wastewater effluents, pesticides and waste 
leachate from lead-acid batteries, paints and pigments to surface and ground water 
sources (USEPA, 2010). 
Lead is very harmful material and has been recorded as the second most toxic 
and hazardous material after arsenic by the 2007 cerclapriority list of hazardous 
materials (ATSDR, 2007). Lead has the ability to accumulate in the body by lodging 
in the folds of the intestine or by being absorbed by the body in dissolved form and 
depositing in the bones. It is reported that the human exposure to lead has harmful 
effects on kidney, central nervous and reproductive systems and is more hazardous to 
children. At the present time, lead toxicity is well-known and many famous 
organizations around the world have set the maximum contaminant level (MCL) of 
lead in drinking water at the accessible lowest levels. The United States 
Environmental Protection Agency (USEPA) guidelines have regulated the maximum 
permissible concentration of lead in drinking water at 15 ppb (Momčilović et al., 
2011).  
Traditionally, techniques such as chemical precipitation, coagulation and 
flocculation and ion exchange resins have been used for removing heavy metals 
(González-Muñoz et al., 2006; Smara et al., 2007; Pang et al., 2011). The market for 
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nanotechnology used in water and wastewater worldwide reached USD 1.6 billion in 
2007 and is expected to reach USD 6.6 billion in 2015 (Kaiser, 2006). Recently, 
applicability of nanosized metal oxide adsorbents,extensively have been studied for 
effective removal of some toxic heavy metals from aqueous effluents. Hua et al. 
(2012) have reviewed the use of nanosized metal oxides for decontaminating 
hazardous heavy metals from water/wastewater. Zhang et al. (2007c),  investigated 
using of Fe-Mn binary oxide (FMBO) particles for arsenic decontamination, while 
Su et al. (2010) used hydrous manganese dioxide (HMO) adsorbent for removing 
some toxic heavy metals like Pb (II), Zn (II) and Cd (II). However, the above 
mentioned technologies are incapable of decreasing concentration of heavy metals in 
real water treatment to the level required by law or are prohibitively expensive or 
require  post treatment steps. The use of membrane separation process in the 
treatment of polluted water containing toxic heavy metals is an attractive and 
appropriate method and are being applied more and more frequently (Danış, 2005). 
1.2 Heavy Metals Removal based on Membrane Technology 
Membrane technology offers a flexible method for meeting multiple water 
quality objectives and is applied in a wide range of uses. The first recorded study of 
the membrane process and innovation of osmosis dates back to middle of 18th 
century when Nollet showed that a pig’s bladder was able to pass preferentially water 
and ethanol (Glater, 1998). This technology in addition of having ability for 
removing many contaminants such as bacteria and salts is attractive for heavy metals 
decontamination for small water systems. The membrane technology can address 
number of water quality problems whereas being comparatively easy to control. The 
main property which makes it being utilized in separation process is the capability of 
a membrane to control the permeability of chemical species through the membrane. 
Membrane separation processes are classified according to the driving force and pore 
size that cause the flow of permeate through the membrane.   
They include microfiltration (MF), ultrafiltration (UF), nanofiltration (NF) 
and reverse osmosis (RO). Intensive investigations have been done for heavy metals 
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decontamination by RO and NF (Fu and Wang, 2011). UF and MF technologies are 
becoming widely applied for water and wastewater treatment However, generally the 
pore sizes of these membranes are bigger than the size of dissolved heavy metal ions, 
heavy metals passing simply through these membranes. While only UF process 
especially in the form of micellar and polymer enhanced, is capable for effective 
removal some of heavy metal ions such as As(V) and Pb(II) (Ferella et al., 2007).  
1.3 Membrane Fouling and its Mitigations 
Another, important issue in the application of membrane technology in water 
and waste water treatment is fouling. Membrane fouling can be defined as the 
increasing accumulation of contaminants on the membrane that causes a growth in 
the trans membrane pressure (TMP) requirement for the constant permeates flux or a 
decrease in the water flux through the membrane in constant-pressure operation. It 
can happen at the surface which is called macro-fouling or inside the pore or pore 
fouling or micro-fouling. 
Membrane fouling can be mitigated by increasing membranes hydophilicity 
properties and membrane surface modification; this is generally valuable if proteins 
are the foulant, because proteins have a tendency to adsorb more intensely on 
hydrophobic membrane surfaces (Wilf and Alt, 2000). Membrane surface 
modification intensively has also been studied to change its properties to decrease 
fouling (Rana and Matsuura, 2010). This can be done by several methods like 
physical and chemical modifications such as ultraviolet irradiation (Nyström and 
Järvinen, 1987; Zhang et al., 2002; Taniguchi et al., 2003; Wei et al., 2006), graft 
polymerization (Ulbricht and Belfort, 1996; Wavhal and Fisher, 2002; Liu et al., 
2008), micro-patterning (Lee et al., 2013) and/o nanoimprint lithography (NIL) on 
the membrane surface (Maruf et al., 2013). Recently surface hydrophilization of the 
polymeric membranes for the decreasing fouling property has also been widely 
investigated by dispersing metal oxide nanoparticles into dope solutions by many 
metal nanoparticles such as titanium dioxide, aluminum oxide, silicon dioxide and 
zirconium oxide (Ng et al., 2013). 
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1.4 Problem Statements 
Nowadays, the toxicity of hazardous heavy metals has been well known and 
many organizations around the world adjusted the maximum acceptable 
concentration of heavy metals in contaminated-water at very low concentration. 
Stringent drinking water regulations are made in order to lower the MCL of heavy 
metal concentration. For instance, since 2006, USEPA and WHO have decided to 
reduce the maximum arsenic  concentration in drinking water from 50 part per billion 
(ppb) to 10 ppb (Mohan and Pittman Jr, 2007). The stiffening of regulations 
generates strong demands to improve methods for removing pollutants from the 
water and controlling water-treatment residuals. 
Conventionally, many treatment methods such as chemical precipitation  
(Harper and Kingham, 1992), coagulation and flocculation (Bilici Baskan and Pala, 
2010) and ion exchange (Kartinen Jr and Martin, 1995) could be employed for heavy 
metals decontamination, but they are found to have inconsistent and/or incomplete 
elimination of heavy metals. In order to meet the MCL required by law, additional 
post-treatment process always is required to complete the treatment process, which 
indirectly would increase the overall cost of treatment. Although membrane 
technology is reported to be used for heavy metals removal when it is operated in NF 
or RO mode (Oh et al., 2004; Chan and Dudeney, 2008), the relatively high energy 
consumption resulted from high operating pressure remains as a concern to many. 
Low pressure driven membranes like MF and UF on the other hand are not effective 
in removing heavy metals, mainly due to their porous structure which offers 
minimal/none resistance against arsenic (Brandhuber and Amy, 1998). 
Adsorption is now recognized as an effective and economic method for heavy 
metal wastewater treatment. The adsorption process offers flexibility in design and 
operation and in many cases will produce high-quality treated effluent. In addition, 
because adsorption is sometimes reversible, adsorbents can be regenerated by 
suitable desorption process (Harper and Kingham, 1992; Fu and Wang, 2011). 
Recent investigations show many of metal oxide nanoparticles have high adsorption 
capacity and selectivity for removing some of hazardous heavy metals from 
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contaminated water (Deliyanni et al., 2007; Hua et al., 2012). This partially can be 
attributed to their high surface areas and activities because of their size-qualification 
effect (Henglein, 1989). However, as the size of metal oxides reduces from 
micrometer to nanometer levels, the increased surface energy inevitably leads to their 
poor stability. Consequently, nano sized metal oxides are prone to agglomeration due 
to Van der Waals forces or other interactions (Pradeep and Anshup, 2009; Hua et al., 
2012). Their high adsorption capacity and selectivity would be significantly reduced 
or even lost. Furthermore, metal oxide nanoparticles are not capable for using in 
fixed beds or any other flow-through system due to excessive pressure drops or 
difficult separation from aqueous solutions and poor mechanical strength, on the  
other hand, unfortunately, it may be extremely difficult to remove 100 % of these 
metal oxides from aqueous solution, even if they have unique properties (Li et al., 
2012) 
Another problem for using of metal oxide nanoparticles in real application for 
water treatment is their nontoxicity effect, while, they can enter through the skin and 
can be translocated to lymph nodes, and if they enter blood circulation, they can be 
distributed throughout the body and taken up into the liver, spleen, bone marrow, 
heart and other organs (Mishra et al., 1996). So, not only can nanoparticles have 
adverse effects on their own, if they are associated with or comprised of toxic metal 
ions they may release them into the body once they are exposed to the various and 
complicated chemistries.  
To overcome these problems and promote the applicability of metal oxide 
adsorbent nanoparticles in real water and wastewater treatment and heavy metal 
decontamination, researchers in recent years have focused on impregnating 
nanoparticles into porous host media such as Bentonite (Ranđelović et al., 2012), 
alginate (Guo and Chen, 2005), zeolite (Li et al., 2011b), diatomite (Jang et al., 
2006; Jang et al., 2007), cellulose (Guo et al., 2007) and porous polymer (Pan et al., 
2009; Su et al., 2009). But compared to other host materials, porous polymeric hosts 
are a particularly attractive option partly because of their controllable pore size and 
surface chemistry as well as their excellent mechanical strength for long-term use 
(Hua et al., 2012). 
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In the development and practical use of UF membranes, one of the main 
problems that should be addressed is fouling, while, fabricating of low fouling 
membrane is significant and attractive subjects. Therefore, in this study to be 
practically useful, current proposed investigation is to fabricate low fouling 
membrane via impregnating hydrophilic metal oxide particles in the polymeric 
structure of the membranes and also surface modification must further be improved 
with respect to fouling resistance, stability and the membrane performance.  
1.5 Objectives of the Study 
Based on the problem statement identified, the major objective of this 
research was to fabricate and characterize novel nanocomposite UF MMMs, to 
remove selected heavy metals from aqueous system. Therefore the objectives of this 
research are: 
1) To fabricate and characterize polyethersulfone (PES)/FMBO mixed matrix 
membranes (MMMs) for removing arsenite from contaminated water 
samples.  
2) To prepare and characterize PES/HMO MMMs for removing lead from 
polluted waters. 
3) To study the effect of impregnating inorganic metal oxide particles in the 
PES matrix in terms of surface pattern formation and BSA fouling mitigation. 
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1.6 Scopes of the Study 
In order to achieve the above mentioned objectives, the following scopes of 
works have been identified: 
1) Synthesizing FMBO through chemical precipitation process using low cost 
chemical such as potassium permanganate, ferrous sulphate and sodium 
hydroxide as precipitant factor. 
2) Preparing HMO nanoparticles by chemical precipitation process using very 
cheap materials, i.e. potassium permanganate,manganese sulphate and 
sodium hydroxide. 
3) Characterizing the FMBO and HMO particles using, Fourier Transform 
Infrared spectroscope (FTIR), X-ray diffractometer (XRD) and Transmission 
Electron Microscope (TEM). 
4) Fabricating and characterizing the MMMs in the form of flat sheet by 
dispersion metal oxide particles into PES dope solution. The MMMs 
formation process was carried out based on dry-wet phase inversion process.  
5) Investigating the performance of MMM embedded with different loadings 
of inorganic metal oxides nanoparticles for heavy metals removal under 
different process conditions.  
6) Evaluating sustainability of membranes in terms of BSA fouling mitigation 
and adsorbents regeneration. 
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1.7 The Significance of Research 
The significance of this current research is the development of novel, 
efficient and environmental friendly water treatment technology with low cost and 
low energy consumption for hazardous heavy metal decontamination. The 
hydrophilic nanosized metal oxide adsorbents with high adsorption capacity for 
As(III) and Pb(II) removal has been synthesized and was used as inorganic filler for 
mixed matrix membranes preparation. Besides showing promising results in 
eliminating selected heavy metal ions from contaminated drinking water, the 
resultant mixed matrix membranes also exhibited excellent antifouling properties 
against proton desorption, mainly due to the nano-sized pattern formed  on 
membrane surface coupled with improved surface hydrophilicity. As high as 97.5% 
of the original adsorption capacity of PES/HMO-2.0 MMM for Pb(II) adsorption, 
and 87.5% of the original adsorption capacity of PES/FMBO-1.5 MMM for As(III) 
adsorption, could be easily recoverd after subjecting the membranes to a simple 
desorption process using acidic and alkaline solution.  
 
 
 REFERENCES 
Abou-El-Sherbini, K. S., Askar, M. and Schöllhorn, R. (2002). Hydrated layered 
manganese dioxide: Part I. Synthesis and characterization of some hydrated 
layered manganese dioxides from α-NaMnO2. Solid State Ionics  150(3): 
407-415. 
Abou-Shady, A., Peng, C., Bi, J., Xu, H. and Almeria O, J. (2012). Recovery of Pb 
(II) and removal of NO3− from aqueous solutions using integrated 
electrodialysis, electrolysis, and adsorption process. Desalination  286(0): 
304-315. 
Adams, R., Carson, C., Ward, J., Tannenbaum, R. and Koros, W. (2010). Metal 
organic framework mixed matrix membranes for gas separations. 
Microporous and Mesoporous Materials  131(1–3): 13-20. 
Afkhami, A., Saber-Tehrani, M. and Bagheri, H. (2010). Simultaneous removal of 
heavy-metal ions in wastewater samples using nano-alumina modified with 
2,4-dinitrophenylhydrazine. Journal of Hazardous Materials  181(3): 836-
844. 
Agrawal, A., Sahu, K. and Pandey, B. (2005). Systematic studies on adsorption of 
lead on sea nodule residues. Journal of colloid and interface science  281(2): 
291-298. 
Ahmed, S. F. (2005). Preparation and Characterization of Hollow Fiber 
Nanofiltration Membranes. University of Technology Malaysia. 
Akar, N., Asar, B., Dizge, N. and Koyuncu, I. (2013). Investigation of 
characterization and biofouling properties of PES membrane containing 
selenium and copper nanoparticles. Journal of Membrane Science. 35(8): 13-
20.  
Al-Rashdi, B. A. M., Johnson, D. J. and Hilal, N. (2013). Removal of heavy metal 
ions by nanofiltration. Desalination  315(0): 2-17. 
 
143 
Amini, M., Abbaspour, K. C., Berg, M., Winkel, L., Hug, S. J., Hoehn, E., Yang, H. 
and Johnson, C. A. (2008). Statistical Modeling of Global Geogenic Arsenic 
Contamination in Groundwater. Environmental Science & Technology  
42(10): 3669-3675. 
An, L., He, D., Jing, J., Ma, R., Jiang, Z. and Kou, X. (1996). Mechanical properties 
and miscibility of polyethersulfone/phenoxy blends. Journal of Applied 
Polymer Science  59(12): 1843-1847. 
Asadullah, M., Jahan, I., Ahmed, M. B., Adawiyah, P., Malek, N. H. and Rahman, 
M. S. Preparation of microporous activated carbon and its modification for 
arsenic removal from water. Journal of Industrial and Engineering Chemistry 
28 (2): 42-69. 
Asatekin, A., Kang, S., Elimelech, M. and Mayes, A. M. (2007). Anti-fouling 
ultrafiltration membranes containing polyacrylonitrile-graft-poly(ethylene 
oxide) comb copolymer additives. Journal of Membrane Science  298(1–2): 
136-146. 
ATSDR (2007). Toxicological profile for lead. Agency for toxic substances and 
disease registry. Public Health Service, U.S. Department of Health and 
Human Services, Atlanta,. 
Auffan, M., Rose, J., Wiesner, M. R. and Bottero, J.-Y. (2009). Chemical stability of 
metallic nanoparticles: A parameter controlling their potential cellular 
toxicity in vitro. Environmental Pollution  157(4): 1127-1133. 
Bacchin, P., Aimar, P. and Field, R. W. (2006). Critical and sustainable fluxes: 
Theory, experiments and applications. Journal of Membrane Science  281(1–
2): 42-69. 
Bae, T.-H. and Tak, T.-M. (2005). Interpretation of fouling characteristics of 
ultrafiltration membranes during the filtration of membrane bioreactor mixed 
liquor. Journal of Membrane Science  264(1–2): 151-160. 
Baker, R. W. (2004). Membrane Technology and Applications. John Wiley & Sons. 
Banerjee, K., Amy, G. L., Prevost, M., Nour, S., Jekel, M., Gallagher, P. M. and 
Blumenschein, C. D. (2008). Kinetic and thermodynamic aspects of 
adsorption of arsenic onto granular ferric hydroxide (GFH). Water Research  
42(13): 3371-3378. 
Beerlage, M., A.M (1994). Polyimide ultrafiltration membranes for non .aqueous 
system,. netherlandes  
 
144 
Belfort, G., Davis, R. H. and Zydney, A. L. (1994). The behavior of suspensions and 
macromolecular solutions in crossflow microfiltration. Journal of Membrane 
Science  96(1–2): 1-58. 
Bilici Baskan, M. and Pala, A. (2010). A statistical experiment design approach for 
arsenic removal by coagulation process using aluminum sulfate. Desalination  
254(1–3): 42-48. 
Bilici Baskan, M. and Pala, A. (2011). Removal of arsenic from drinking water using 
modified natural zeolite. Desalination  281(0): 396-403. 
Bolong, N., Ismail, A. F. and Salim, M. R. (2012). Spinning effect of 
polyethersulfone hollow fiber membrane prepared by water or 
polyvinylpyrrolidone in ternary formulation.Sustainable membrane 
technology for energy, water, and environment  1-10,  John Wiley & Sons, 
Inc. 
Bolong, N., Ismail, A. F., Salim, M. R., Rana, D., Matsuura, T. and Tabe-
Mohammadi, A. (2010). Negatively charged polyethersulfone hollow fiber 
nanofiltration membrane for the removal of bisphenol A from wastewater. 
Separation and Purification Technology  73(2): 92-99. 
Boom, R. M., van den Boomgaard, T. and Smolders, C. a. (1994). Mass transfer and 
thermodynamics during immersion precipitation for a two-polymer system: 
Evaluation with the system PES—PVP—NMP—water. Journal of 
Membrane Science  90(3): 231-249. 
Boudrahem, F., Aissani-Benissad, F. and Aït-Amar, H. (2009). Batch sorption 
dynamics and equilibrium for the removal of lead ions from aqueous phase 
using activated carbon developed from coffee residue activated with zinc 
chloride. Journal of Environmental Management  90(10): 3031-3039. 
Boujelben, N., Bouzid, J. and Elouear, Z. (2009). Removal of lead(II) ions from 
aqueous solutions using manganese oxide-coated adsorbents: 
Characterization and kinetic study. Adsorption Science and Technology  
27(2): 177-191. 
Bowen, W. R. and Gan, Q. (1991). Properties of microfiltration membranes: Flux 
loss during constant pressure permeation of bovine serum albumin. 
Biotechnology and Bioengineering  38(7): 688-696. 
 
145 
Bowen, W. R. and Hughes, D. T. (1990). Properties of microfiltration membranes. 
Part 2. Adsorption of bovine serum albumin at aluminium oxide membranes. 
Journal of Membrane Science  51(1–2): 189-200. 
Brandhuber, P. and Amy, G. (1998). Alternative methods for membrane filtration of 
arsenic from drinking water. Desalination  117(1–3): 1-10. 
Cabasso (1987).  The Encyclopedia of Polymer Science and Engineering, 2nd ed.; 
Mark, H., Ed.; Wiley: New York, 1987; Vol. 9, pp 509-579. 
Canfield, R. L., Henderson, C. R., Cory-Slechta, D. A., Cox, C., Jusko, T. A. and 
Lanphear, B. P. (2003). Intellectual impairment in children with blood lead 
concentrations below 10 μg per deciliter. New England Journal of Medicine  
348(16): 1517-1526. 
Cao, C. Y., Cui, Z. M., Chen, C. Q., Song, W. G. and Cai, W. (2010). Ceria hollow 
nanospheres produced by a template-free microwave-assisted hydrothermal 
method for heavy metal ion removal and catalysis. Journal of Physical 
Chemistry C  114(21): 9865-9870. 
Cassie, A. B. D. and Baxter, S. (1944). Wettability of porous surfaces. Transactions 
of the Faraday Society  40(0): 546-551. 
Chakravarty, S., Dureja, V., Bhattacharyya, G., Maity, S. and Bhattacharjee, S. 
(2002). Removal of arsenic from groundwater using low cost ferruginous 
manganese ore. Water Research  36(3): 625-632. 
Chan, B. K. C. and Dudeney, A. W. L. (2008). Reverse osmosis removal of arsenic 
residues from bioleaching of refractory gold concentrates. Minerals 
Engineering  21(4): 272-278. 
Chan, R. and Chen, V. (2001). The effects of electrolyte concentration and pH on 
protein aggregation and deposition: critical flux and constant flux membrane 
filtration. Journal of Membrane Science  185(2): 177-192. 
Chang, F., Qu, J., Liu, H., Liu, R. and Zhao, X. (2009). Fe–Mn binary oxide 
incorporated into diatomite as an adsorbent for arsenite removal: Preparation 
and evaluation. Journal of Colloid and Interface Science  338(2): 353-358. 
Chatterjee, S. and De, S. (2014). Adsorptive removal of fluoride by activated 
alumina doped cellulose acetate phthalate (CAP) mixed matrix membrane. 
Separation and purification technology  125: 223-238. 
Chen, C. S., Mrksich, M., Huang, S., Whitesides, G. M. and Ingber, D. E. (1997). 
Geometric control of cell life and death. Science  276(5317): 1425-1428. 
 
146 
Chen, W., Peng, J., Su, Y., Zheng, L., Wang, L. and Jiang, Z. (2009). Separation of 
oil/water emulsion using Pluronic F127 modified polyethersulfone 
ultrafiltration membranes. Separation and Purification Technology  66(3): 
591-597. 
Chen, Y., Zhang, Y., Zhang, H., Liu, J. and Song, C. (2013). Biofouling Control of 
Halloysite Nanotubes-Decorated Polyethersulfone Ultrafiltration Membrane 
Modified with Chitosan-Silver Nanoparticles. Chemical Engineering Journal. 
38(2): 532-538. 
Choi, H., Zhang, K., Dionysiou, D. D., Oerther, D. B. and Sorial, G. A. (2005). 
Influence of cross-flow velocity on membrane performance during filtration 
of biological suspension. Journal of Membrane Science  248(1–2): 189-199. 
Chung, T.-S., Qin, J.-J., Huan, A. and Toh, K.-C. (2002). Visualization of the effect 
of die shear rate on the outer surface morphology of ultrafiltration membranes 
by AFM. Journal of Membrane Science  196(2): 251-266. 
Çulfaz, P. Z., Haddad, M., Wessling, M. and Lammertink, R. G. H. (2011a). Fouling 
behavior of microstructured hollow fibers in cross-flow filtrations: Critical 
flux determination and direct visual observation of particle deposition. 
Journal of Membrane Science  372(1–2): 210-218. 
Çulfaz, P. Z., Wessling, M. and Lammertink, R. G. H. (2011b). Hollow fiber 
ultrafiltration membranes with microstructured inner skin. Journal of 
Membrane Science  369(1–2): 221-227. 
Cumbal, L. and Sengupta, A. K. (2005). Arsenic removal using polymer-supported 
hydrated iron(III) oxide nanoparticles: Role of Donnan membrane effect. 
Environmental Science and Technology  39(17): 6508-6515. 
Danış, U. (2005). Chromate removal from water using red mud and crossflow 
microfiltration. Desalination  181(1–3): 135-143. 
Daraei, P., Madaeni, S. S., Ghaemi, N., Khadivi, M. A., Astinchap, B. and Moradian, 
R. (2013a). Enhancing antifouling capability of PES membrane via mixing 
with various types of polymer modified multi-walled carbon nanotube. 
Journal of Membrane Science. 
Daraei, P., Madaeni, S. S., Ghaemi, N., Khadivi, M. A., Astinchap, B. and Moradian, 
R. (2013b). Fouling resistant mixed matrix polyethersulfone membranes 
blended with magnetic nanoparticles: Study of magnetic field induced 
casting. Separation and Purification Technology  109(0): 111-121. 
 
147 
Daraei, P., Madaeni, S. S., Ghaemi, N., Salehi, E., Khadivi, M. A., Moradian, R. and 
Astinchap, B. (2012). Novel polyethersulfone nanocomposite membrane 
prepared by PANI/Fe3O4 nanoparticles with enhanced performance for Cu(II) 
removal from water. Journal of Membrane Science  415–416(0): 250-259. 
Deliyanni, E. A., Bakoyannakis, D. N., Zouboulis, A. I. and Matis, K. A. (2003). 
Sorption of As(V) ions by akaganéite-type nanocrystals. Chemosphere  50(1): 
155-163. 
Deliyanni, E. A., Peleka, E. N. and Matis, K. A. (2007). Removal of zinc ion from 
water by sorption onto iron-based nanoadsorbent. Journal of Hazardous 
Materials  141(1): 176-184. 
Deschamps, E., Ciminelli, V. S. T. and Höll, W. H. (2005). Removal of As(III) and 
As(V) from water using a natural Fe and Mn enriched sample. Water 
Research  39(20): 5212-5220. 
DeSesso, J., Jacobson, C., Scialli, A., Farr, C. and Holson, J. (1998). An assessment 
of the developmental toxicity of inorganic arsenic. Reproductive Toxicology  
12(4): 385-433. 
Diamadopoulos, E., Ioannidis, S. and Sakellaropoulos, G. P. (1993). As(V) removal 
from aqueous solutions by fly ash. Water Research  27(12): 1773-1777. 
Ding, Y., Sun, J., Ro, H. W., Wang, Z., Zhou, J., Lin, N. J., Cicerone, M. T., Soles, 
C. L. and Lin‐Gibson, S. (2011). Thermodynamic underpinnings of cell 
alignment on controlled topographies. Advanced Materials  23(3): 421-425. 
Dong, C., He, G., Li, H., Zhao, R., Han, Y. and Deng, Y. (2012). Antifouling 
enhancement of poly(vinylidene fluoride) microfiltration membrane by 
adding Mg(OH)2 nanoparticles. Journal of Membrane Science  387–388(0): 
40-47. 
Dong, L., Zhu, Z., Ma, H., Qiu, Y. and Zhao, J. (2010). Simultaneous adsorption of 
lead and cadmium on MnO2-loaded resin. Journal of Environmental 
Sciences-China.  22(2): 225-229. 
Donoso, M. G., Méndez-Vilas, A., Bruque, J. M. and González-Martin, M. L. 
(2007). On the relationship between common amplitude surface roughness 
parameters and surface area: Implications for the study of cell–material 
interactions. International Biodeterioration & Biodegradation  59(3): 245-
251. 
 
148 
Drelich, J., Chibowski, E., Meng, D. D. and Terpilowski, K. (2011). Hydrophilic and 
superhydrophilic surfaces and materials. Soft Matter  7(21): 9804-9828. 
Driehaus, W., Jekel, M. and Hildebrandt, U. (1998). Granular ferric hydroxide - A 
new adsorbent for the removal of arsenic from natural water. Journal of 
Water Supply: Research and Technology - AQUA  47(1): 30-35. 
Eguez, H. E. and Cho, E. H. (1987). Adsorption of arsenic on activated charcoal. 
Journal of Metals  39(7): 38-41. 
Eisazadeh, A., Eisazadeh, H. and Kassim, K. A. (2013). Removal of Pb(II) using 
polyaniline composites and iron oxide coated natural sand and clay from 
aqueous solution. Synthetic Metals  171(0): 56-61. 
Elimelech, M., Xiaohua, Z., Childress, A. E. and Seungkwan, H. (1997). Role of 
membrane surface morphology in colloidal fouling of cellulose acetate and 
composite aromatic polyamide reverse osmosis membranes. Journal of 
Membrane Science  127(1): 101-109. 
Engates, K. E. and Shipley, H. J. (2011). Adsorption of Pb, Cd, Cu, Zn, and Ni to 
titanium dioxide nanoparticles: Effect of particle size, solid concentration, 
and exhaustion. Environmental Science and Pollution Research  18(3): 386-
395. 
EPA (2000). Technologies and costs for removal of arsenic from drinking water. U. 
E. P. Agency. 
Erbil, H. Y., Demirel, A. L., Avcı, Y. and Mert, O. (2003). Transformation of a 
Simple Plastic into a Superhydrophobic Surface. Science  299(5611): 1377-
1380. 
Eren, E. (2009). Removal of lead ions by Unye (Turkey) bentonite in iron and 
magnesium oxide-coated forms. Journal of Hazardous Materials  165(1–3): 
63-70. 
Eren, E., Afsin, B. and Onal, Y. (2009). Removal of lead ions by acid activated and 
manganese oxide-coated bentonite. Journal of Hazardous Materials  161(2–
3): 677-685. 
Eren, E. and Gumus, H. (2011). Characterization of the structural properties and 
Pb(II) adsorption behavior of iron oxide coated sepiolite. Desalination  
273(2–3): 276-284. 
Esmaeili, M., Madaeni, S. S., Barzin, J. and Yousefimehr, N. (2011). Effect of silver 
ions coordination on morphology and performance of PES/PVP composite 
 
149 
membrane in facilitated transport of ethylene. Separation and Purification 
Technology  81(3): 371-383. 
Fan, M., Boonfueng, T., Xu, Y., Axe, L. and Tyson, T. A. (2005). Modeling Pb 
sorption to microporous amorphous oxides as discrete particles and coatings. 
Journal of Colloid and Interface Science  281(1): 39-48. 
Feng, Q., Zhang, Z., Chen, Y., Liu, L., Zhang, Z. and Chen, C. (2013). Adsorption 
and Desorption Characteristics of Arsenic on Soils: Kinetics, Equilibrium, 
and Effect of Fe(OH)3 Colloid, H2SiO3 Colloid and Phosphate. Procedia 
Environmental Sciences  18(0): 26-36. 
Ferella, F., Prisciandaro, M., De Michelis, I. and Veglio’, F. (2007). Removal of 
heavy metals by surfactant-enhanced ultrafiltration from wastewaters. 
Desalination  207(1–3): 125-133. 
Figoli, A., Cassano, A., Criscuoli, A., Mozumder, M. S. I., Uddin, M. T., Islam, M. 
A. and Drioli, E. (2010). Influence of operating parameters on the arsenic 
removal by nanofiltration. Water Research  44(1): 97-104. 
Freeman, P. a. B. D. (2000). Membrane formation and modification, ACS 
Symposium Series 744, I.(Eds.), ACS, Washington,DC (2000). 
Fu, F. and Wang, Q. (2011). Removal of heavy metal ions from wastewaters: A 
review. Journal of Environmental Management  92(3): 407-418. 
Gang, D. D., Deng, B. and Lin, L. (2010). As(III) removal using an iron-impregnated 
chitosan sorbent. Journal of Hazardous Materials  182(1–3): 156-161. 
Gherasim, C.-V., Cuhorka, J. and Mikulášek, P. (2013). Analysis of lead(II) retention 
from single salt and binary aqueous solutions by a polyamide nanofiltration 
membrane: Experimental results and modelling. Journal of Membrane 
Science  436(0): 132-144. 
Ghosh, M. M. and Yuan, J. R. (1987). Adsorption of inorganic arsenic and 
organoarsenicals on hydrous oxides. Environmental Progress  6(3): 150-157. 
Giorno, E. D. a. L. (2010). Comprehensive Membrane Science and Engineering. 
Elsevier. 
Glater, J. (1998). The early history of reverse osmosis membrane development. 
Desalination  117(1–3): 297-309. 
González-Muñoz, M. J., Rodríguez, M. A., Luque, S. and Álvarez, J. R. (2006). 
Recovery of heavy metals from metal industry waste waters by chemical 
precipitation and nanofiltration. Desalination  200(1–3): 742-744. 
 
150 
Gordano, A. and Buonomenna, M. G. (2011). New Materials, New Devices, New 
Solutions.Membrane Technologies and Applications  1-15,  CRC Press. 
Gueu, S., Yao, B., Adouby, K. and Ado, G. (2007). Kinetics and thermodynamics 
study of lead adsorption on to activated carbons from coconut and seed hull 
of the palm tree. International Journal of Environmental Science & 
Technology  4(1): 11-17. 
Guo, X. and Chen, F. (2005). Removal of arsenic by bead cellulose loaded with iron 
oxyhydroxide from groundwater. Environmental Science & Technology  
39(17): 6808-6818. 
Guo, X., Du, Y., Chen, F., Park, H.-S. and Xie, Y. (2007). Mechanism of removal of 
arsenic by bead cellulose loaded with iron oxyhydroxide (β-FeOOH): EXAFS 
study. Journal of Colloid and Interface Science  314(2): 427-433. 
Gupta, K. and Ghosh, U. C. (2009). Arsenic removal using hydrous nanostructure 
iron(III)–titanium(IV) binary mixed oxide from aqueous solution. Journal of 
Hazardous Materials  161(2–3): 884-892. 
Harisha, R. S., Hosamani, K. M., Keri, R. S., Nataraj, S. K. and Aminabhavi, T. M. 
(2010). Arsenic removal from drinking water using thin film composite 
nanofiltration membrane. Desalination  252(1–3): 75-80. 
Harper, T. R. and Kingham, N. W. (1992). Removal of arsenic from wastewater 
using chemical precipitation methods. Water Environment Research  64(3): 
200-203. 
Hashim, M. A., Mukhopadhyay, S., Sahu, J. N. and Sengupta, B. (2011). 
Remediation technologies for heavy metal contaminated groundwater. 
Journal of Environmental Management  92(10): 2355-2388. 
He, J., Matsuura, T. and Chen, J. P. (2014). A novel Zr-based nanoparticle-embedded 
PSF blend hollow fiber membrane for treatment of arsenate contaminated 
water: Material development, adsorption and filtration studies, and 
characterization. Journal of Membrane Science  452: 433-445. 
Henglein, A. (1989). Small-particle research: physicochemical properties of 
extremely small colloidal metal and semiconductor particles. Chemical 
Reviews  89(8): 1861-1873. 
Hien Hoa, T. T., Liamleam, W. and Annachhatre, A. P. (2007). Lead removal 
through biological sulfate reduction process. Bioresource Technology  
98(13): 2538-2548. 
 
151 
Hilal, N., Ogunbiyi, O. O., Miles, N. J. and Nigmatullin, R. (2005). Methods 
Employed for Control of Fouling in MF and UF Membranes: A 
Comprehensive Review. Separation Science and Technology  40(10): 1957-
2005. 
Hirose, M., Ito, H. and Kamiyama, Y. (1996). Effect of skin layer surface structures 
on the flux behaviour of RO membranes. Journal of Membrane Science  
121(2): 209-215. 
Hlavacek, M. and Bouchet, F. (1993). Constant flowrate blocking laws and an 
example of their application to dead-end microfiltration of protein solutions. 
Journal of Membrane Science  82(3): 285-295. 
Hossain, M. F. (2006). Arsenic contamination in Bangladesh—An overview. 
Agriculture, Ecosystems & Environment  113(1–4): 1-16. 
Hsieh, H. P., Center, A. T. and Center, A. (1996). Inorganic Membranes for 
Separation and Reaction. Elsevier. 
Hu, J., Ma, Y., Zhang, L., Gan, F. and Ho, Y.-S. (2010). A historical review and 
bibliometric analysis of research on lead in drinking water field from 1991 to 
2007. Science of The Total Environment  408(7): 1738-1744. 
Hua, M., Zhang, S., Pan, B., Zhang, W., Lv, L. and Zhang, Q. (2012). Heavy metal 
removal from water/wastewater by nanosized metal oxides: A review. 
Journal of Hazardous Materials  211–212(0): 317-331. 
Huang, J., Arthanareeswaran, G. and Zhang, K. (2012). Effect of silver loaded 
sodium zirconium phosphate (nanoAgZ) nanoparticles incorporation on PES 
membrane performance. Desalination  285: 100-107. 
Huang, L., Xiao, C. and Chen, B. (2011). A novel starch-based adsorbent for 
removing toxic Hg(II) and Pb(II) ions from aqueous solution. Journal of 
Hazardous Materials  192(2): 832-836. 
Inglezakis, V. J., Stylianou, M. A., Gkantzou, D. and Loizidou, M. D. (2007). 
Removal of Pb (II) from aqueous solutions by using clinoptilolite and 
bentonite as adsorbents. Desalination  210(1): 248-256. 
Ismail, A. F., Goh, P. S., Sanip, S. M. and Aziz, M. (2009). Transport and separation 
properties of carbon nanotube-mixed matrix membrane. Separation and 
Purification Technology  70(1): 12-26. 
Jain, C. K. and Ali, I. (2000). Arsenic: occurrence, toxicity and speciation 
techniques. Water Research  34(17): 4304-4312. 
 
152 
Jang, M., Min, S.-H., Kim, T.-H. and Park, J. K. (2006). Removal of arsenite and 
arsenate using hydrous ferric oxide incorporated into naturally occurring 
porous diatomite. Environmental Science & Technology  40(5): 1636-1643. 
Jang, M., Min, S.-H., Park, J. K. and Tlachac, E. J. (2007). Hydrous ferric oxide 
incorporated diatomite for remediation of arsenic contaminated groundwater. 
Environmental Science & Technology  41(9): 3322-3328. 
Jin, L. M., Yu, S. L., Shi, W. X., Yi, X. S., Sun, N., Ge, Y. L. and Ma, C. (2012). 
Synthesis of a novel composite nanofiltration membrane incorporated SiO2 
nanoparticles for oily wastewater desalination. Polymer  53(23): 5295-5303. 
Jonsson, G., Prádanos, P. and Hernández, A. (1996). Fouling phenomena in 
microporous membranes. Flux decline kinetics and structural modifications. 
Journal of Membrane Science  112(2): 171-183. 
Judd, S. (2010). Principles and Applications of Membrane Bioreactors for Water and 
Wastewater Treatment. Elsevier. 
Jung, B. (2004). Preparation of hydrophilic polyacrylonitrile blend membranes for 
ultrafiltration. Journal of Membrane Science  229(1–2): 129-136. 
Kaiser, H. (2006). Nanotechnologies in water, drinking water and waste water 
worldwide 2007-2010-2015; technologies, applications, companies, markets, 
region and selected countries, trends, competitions and developments to 
2015, Consultancy. 
Kartinen Jr, E. O. and Martin, C. J. (1995). An overview of arsenic removal 
processes.  Desalination  103(1–2): 79-88. 
Kazi, T. G., Shah, F., Afridi, H. I., Mughal, M. A., Naeemullah, Arain, S. S. and 
Arain, M. B. (2013). Evaluation of lead levels in biological samples of 
mentally retarded children in different stages using advanced extraction 
method. Environmental Toxicology and Pharmacology  36(3): 858-864. 
Keith Scott, R. H. (1996). Industrial Membrane Separation Technology. Springer,. 
Kelly, S. T., Senyo Opong, W. and Zydney, A. L. (1993). The influence of protein 
aggregates on the fouling of microfiltration membranes during stirred cell 
filtration. Journal of Membrane Science  80(1): 175-187. 
Khayet, M., Khulbe, K. C. and Matsuura, T. (2004). Characterization of membranes 
for membrane distillation by atomic force microscopy and estimation of their 
water vapor transfer coefficients in vacuum membrane distillation process. 
Journal of Membrane Science  238(1–2): 199-211. 
 
153 
Khulbe, K. C., Chowdhury, G., Kruczek, B., Vujosevic, R., Matsuura, T. and 
Lamarche, G. (1997a). Characterization of the PPO dense membrane 
prepared at different temperatures by ESR, atomic force microscope and gas 
permeation. Journal of Membrane Science  126(1): 115-122. 
Khulbe, K. C., Feng, C. and Matsuura, T. (2007). Synthetic polymeric membranes: 
characterization by atomic force microscopy. Springer. 
Khulbe, K. C., Feng, C., Matsuura, T., Kapantaidakis, G. C., Wessling, M. and 
Koops, G. H. (2003). Characterization of polyethersulfone-polyimide hollow 
fiber membranes by atomic force microscopy and contact angle goniometery. 
Journal of Membrane Science  226(1–2): 63-73. 
Khulbe, K. C., Kruczek, B., Chowdhury, G., Gagné, S. and Matsuura, T. (1996a). 
Surface morphology of homogeneous and asymmetric membranes made from 
poly(phenylene oxide) by tapping mode atomic force microscope. Journal of 
Applied Polymer Science  59(7): 1151-1158. 
Khulbe, K. C., Kruczek, B., Chowdhury, G., Gagné, S., Matsuura, T. and Verma, S. 
P. (1996b). Characterization of membranes prepared from PPO by Raman 
scattering and atomic force microscopy. Journal of Membrane Science  
111(1): 57-70. 
Khulbe, K. C., Matsuura, T., Lamarche, G. and Kim, H. J. (1997b). The morphology 
characterisation and performance of dense PPO membranes for gas 
separation. Journal of Membrane Science  135(2): 211-223. 
Khulbe, K. C., Matsuura, T. and Noh, S. H. (1998). Effect of thickness of the PPO 
membranes on the surface morphology. Journal of Membrane Science  
145(2): 243-251. 
Kim, I.-C. and Lee, K.-H. (2006). Dyeing process wastewater treatment using 
fouling resistant nanofiltration and reverse osmosis membranes. Desalination  
192(1–3): 246-251. 
Kim, S. and Marand, E. (2008). High permeability nano-composite membranes based 
on mesoporous MCM-41 nanoparticles in a polysulfone matrix. Microporous 
and Mesoporous Materials  114(1–3): 129-136. 
Kim, Y., Rana, D., Matsuura, T. and Chung, W.-J. (2009). Influence of surface 
modifying macromolecules on the surface properties of poly(ether sulfone) 
ultra-filtration membranes. Journal of Membrane Science  338(1–2): 84-91. 
 
154 
Klein, E. (2000). Affinity membranes: a 10-year review. Journal of Membrane 
Science  179(1): 1-27. 
Kozar, S., Bilinski, H. and Branica, M. (1992). Adsorption of lead and cadmium ions 
on calcite in the Krka estuary. Marine chemistry  40(3): 215-230. 
Kwak, S.-Y., Kim, S. H. and Kim, S. S. (2001). Hybrid organic/inorganic reverse 
osmosis (RO) membrane for bactericidal anti-fouling. 1. Preparation and 
characterization of TiO2 nanoparticle self-assembled aromatic polyamide 
thin-film-composite (TFC) Membrane. Environmental Science & Technology  
35(11): 2388-2394. 
Kwak, S.-Y. and Woo Ihm, D. (1999). Use of atomic force microscopy and solid-
state NMR spectroscopy to characterize structure-property-performance 
correlation in high-flux reverse osmosis (RO) membranes. Journal of 
Membrane Science  158(1–2): 143-153. 
Lai, C.-H., Shu-Hsing Yeh and Chen, M.-J. (2010). Lead removal in iron-coated 
medium in the presence of humic acid:pH effect. Sustain. Environ. Res  
20(6): 361-367. 
Lawrence K. Wang, J. P. C., Yung-Tse Hung, Nazih K (2009). Heavy Metals in the 
Environment. CRC Press. 
Lee, Y. K., Won, Y.-J., Yoo, J. H., Ahn, K. H. and Lee, C.-H. (2013). Flow analysis 
and fouling on the patterned membrane surface. Journal of Membrane 
Science  427(0): 320-325. 
Lenoble, V., Bouras, O., Deluchat, V., Serpaud, B. and Bollinger, J.-C. (2002). 
Arsenic Adsorption onto Pillared Clays and Iron Oxides. Journal of Colloid 
and Interface Science  255(1): 52-58. 
Letterman, L. and Markowitz, J. S. (1999). Gabapentin: A Review of published 
experience in the treatment of bipolar disorder and other psychiatric 
conditions. Pharmacotherapy: The Journal of Human Pharmacology and 
Drug Therapy  19(5): 565-572. 
Li, J., Chen, S., Sheng, G., Hu, J., Tan, X. and Wang, X. (2011a). Effect of 
surfactants on Pb(II) adsorption from aqueous solutions using oxidized 
multiwall carbon nanotubes. Chemical Engineering Journal  166(2): 551-
558. 
Li, X., He, K., Pan, B., Zhang, S., Lu, L. and Zhang, W. (2012). Efficient As(III) 
removal by macroporous anion exchanger-supported Fe–Mn binary oxide: 
 
155 
Behavior and mechanism. Chemical Engineering Journal  193–194(0): 131-
138. 
Li, X., Pang, R., Li, J., Sun, X., Shen, J., Han, W. and Wang, L. (2013). In situ 
formation of Ag nanoparticles in PVDF ultrafiltration membrane to mitigate 
organic and bacterial fouling. Desalination  324(0): 48-56. 
Li, Z., Jiang, W.-T., Jean, J.-S., Hong, H., Liao, L. and Lv, G. (2011b). Combination 
of hydrous iron oxide precipitation with zeolite filtration to remove arsenic 
from contaminated water. Desalination  280(1–3): 203-207. 
Libby, B., Smyrl, W. H. and Cussler, E. L. (2003). Polymer-zeolite composite 
membranes for direct methanol fuel cells. AIChE Journal  49(4): 991-1001. 
Lin, L., Wang, A., Zhang, L., Dong, M. and Zhang, Y. (2012). Novel mixed matrix 
membranes for sulfur removal and for fuel cell applications. Journal of 
Power Sources  220(0): 138-146. 
Liu, H., Dai, P., Zhang, J., Zhang, C., Bao, N., Cheng, C. and Ren, L. (2013). 
Preparation and evaluation of activated carbons from lotus stalk with 
trimethyl phosphate and tributyl phosphate activation for lead removal. 
Chemical Engineering Journal  228(0): 425-434. 
Liu, S. X., Kim, J. T. and Kim, S. (2008). Effect of polymer surface modification on 
polymer–protein interaction via hydrophilic polymer grafting. Journal of 
Food Science  73(3): E143-E150. 
Lorenzen, L., van Deventer, J. S. J. and Landi, W. M. (1995). Factors affecting the 
mechanism of the adsorption of arsenic species on activated carbon. Minerals 
Engineering  8(4–5): 557-569. 
Luján-Facundo, M. J., Mendoza-Roca, J. A., Cuartas-Uribe, B. and Álvarez-Blanco, 
S. (2013). Ultrasonic cleaning of ultrafiltration membranes fouled with BSA 
solution. Separation and Purification Technology  120(0): 275-281. 
Luo, M.-L., Zhao, J.-Q., Tang, W. and Pu, C.-S. (2005a). Hydrophilic modification 
of poly (ether sulfone) ultrafiltration membrane surface by self-assembly of 
TiO2 nanoparticles. Applied surface science  249(1): 76-84. 
Luo, M.-L., Zhao, J.-Q., Tang, W. and Pu, C.-S. (2005b). Hydrophilic modification 
of poly(ether sulfone) ultrafiltration membrane surface by self-assembly of 
TiO2 nanoparticles. Applied Surface Science  249(1–4): 76-84. 
 
156 
Luo, M., Wen, Q., Liu, J., Liu, H. and Jia, Z. (2011). Fabrication of SPES/Nano- 
TiO2 Composite Ultrafiltration Membrane and Its Anti-fouling Mechanism. 
Chinese Journal of Chemical Engineering  19(1): 45-51. 
Ma, X., Wang, Y., Gao, M., Xu, H. and Li, G. (2010). A novel strategy to prepare 
ZnO/PbS heterostructured functional nanocomposite utilizing the surface 
adsorption property of ZnO nanosheets. Catalysis Today  158(3–4): 459-463. 
Mahajan, R. and Koros, W. J. (2000). Factors Controlling Successful Formation of 
Mixed-Matrix Gas Separation Materials. Industrial & Engineering Chemistry 
Research  39(8): 2692-2696. 
Mahapatra, A., Mishra, B. G. and Hota, G. (2013). Electrospun Fe2O3–Al2O3 
nanocomposite fibers as efficient adsorbent for removal of heavy metal ions 
from aqueous solution. Journal of Hazardous Materials  258–259(0): 116-
123. 
Malamis, S., Katsou, E., Takopoulos, K., Demetriou, P. and Loizidou, M. (2012). 
Assessment of metal removal, biomass activity and RO concentrate treatment 
in an MBR–RO system. Journal of Hazardous Materials  209–210(0): 1-8. 
Maliyekkal, S. M., Philip, L. and Pradeep, T. (2009). As(III) removal from drinking 
water using manganese oxide-coated-alumina: Performance evaluation and 
mechanistic details of surface binding. Chemical Engineering Journal  
153(1–3): 101-107. 
Mandal, B. K. and Suzuki, K. T. (2002). Arsenic round the world: a review. Talanta  
58(1): 201-235. 
Mandal, M. K., Sant, S. B. and Bhattacharya, P. K. (2011). Dehydration of aqueous 
acetonitrile solution by pervaporation using PVA–iron oxide nanocomposite 
membrane. Colloids and Surfaces A: Physicochemical and Engineering 
Aspects  373(1–3): 11-21. 
Manju, G. N., Anoop Krishnan, K., Vinod, V. P. and Anirudhan, T. S. (2002). An 
investigation into the sorption of heavy metals from wastewaters by 
polyacrylamide-grafted iron(III) oxide. Journal of Hazardous Materials  
91(1–3): 221-238. 
María Arsuaga, J., Sotto, A., del Rosario, G., Martínez, A., Molina, S., Teli, S. B. 
and de Abajo, J. (2013). Influence of the type, size, and distribution of metal 
oxide particles on the properties of nanocomposite ultrafiltration membranes. 
Journal of Membrane Science  428(0): 131-141. 
 
157 
Marshall, A. D., Munro, P. A. and Trägårdh, G. (1993). The effect of protein fouling 
in microfiltration and ultrafiltration on permeate flux, protein retention and 
selectivity: A literature review. Desalination  91(1): 65-108. 
Martinson, C. A. and Reddy, K. J. (2009). Adsorption of arsenic(III) and arsenic(V) 
by cupric oxide nanoparticles. Journal of Colloid and Interface Science  
336(2): 406-411. 
Maruf, S. H., Wang, L., Greenberg, A. R., Pellegrino, J. and Ding, Y. (2013). Use of 
nanoimprinted surface patterns to mitigate colloidal deposition on 
ultrafiltration membranes. Journal of Membrane Science  428(0): 598-607. 
Masters, R. D. and Coplan, M. J. (1999). Water treatment with silicofluorides and 
lead toxicity. International Journal of Environmental Studies  56(4): 435-449. 
Matsuura, T. K., K.C.; Feng, C.Y. ; Ismail, A.F (2012). Control of membrane surface 
roughness by changing the nonsolvent (water) influx rate. Abstract of paper 
presented at Advanced membrane technology V: Membranes for sustainable 
water, energy and the environment, An ECI conference series. Singapore. 
Matsuyama, H., Kitamura, Y. and N, Yuichi (1999). Diffusive permeability of ionic 
solutes in charged chitosan membrane. Journal of Applied Polymer Science  
72(3): 397-404. 
Maximous, N., Nakhla, G., Wan, W. and Wong, K. (2009). Preparation, 
characterization and performance of Al2O3/PES membrane for wastewater 
filtration. Journal of Membrane Science  341(1–2): 67-75. 
Maximous, N., Nakhla, G., Wan, W. and Wong, K. (2010). Performance of a novel 
ZrO2/PES membrane for wastewater filtration. Journal of Membrane Science  
352(1–2): 222-230. 
Mbareck, C., Nguyen, Q. T., Alaoui, O. T. and Barillier, D. (2009). Elaboration, 
characterization and application of polysulfone and polyacrylic acid blends as 
ultrafiltration membranes for removal of some heavy metals from water. 
Journal of Hazardous Materials  171(1–3): 93-101. 
Misak, N. Z., Ghoneimy, H. F. and Morcos, T. N. (1996). Adsorption of Co2+ and 
Zn2+Ions on Hydrous Fe (III), Sn (IV), and Fe (III)/Sn (IV) Oxides: II. 
Thermal Behavior of Loaded Oxides, Isotopic Exchange Equilibria, and 
Percentage Adsorption–pH Curves. Journal of colloid and interface science  
184(1): 31-43. 
 
158 
Mishra, S. P., Singh, V. K. and Tiwari, D. (1996). Radiotracer technique in 
adsorption study: Part XIV. Efficient removal of mercury from aqueous 
solutions by hydrous zirconium oxide. Applied Radiation and Isotopes  47(1): 
15-21. 
Mishra, S. P. and Vijaya (2007). Removal behavior of hydrous manganese oxide and 
hydrous stannic oxide for Cs(I) ions from aqueous solutions. Separation and 
Purification Technology  54(1): 10-17. 
Mohammadi, T., Razmi, A. and Sadrzadeh, M. (2004). Effect of operating 
parameters on Pb2+ separation from wastewater using electrodialysis. 
Desalination  167(0): 379-385. 
Mohan, D. and Pittman Jr, C. U. (2007). Arsenic removal from water/wastewater 
using adsorbents—A critical review. Journal of Hazardous Materials  142(1–
2): 1-53. 
Mohsen-Nia, M., Montazeri, P. and Modarress, H. (2007). Removal of Cu2+ and Ni2+ 
from wastewater with a chelating agent and reverse osmosis processes. 
Desalination  217(1–3): 276-281. 
Momčilović, M., Purenović, M., Bojić, A., Zarubica, A. and Ranđelović, M. (2011). 
Removal of lead(II) ions from aqueous solutions by adsorption onto pine 
cone activated carbon. Desalination  276(1–3): 53-59. 
Mouni, L., Merabet, D., Bouzaza, A. and Belkhiri, L. (2011). Adsorption of Pb(II) 
from aqueous solutions using activated carbon developed from Apricot stone. 
Desalination  276(1–3): 148-153. 
Mourouzidis-Mourouzis, S. A. and Karabelas, A. J. (2006). Whey protein fouling of 
microfiltration ceramic membranes—Pressure effects. Journal of Membrane 
Science  282(1–2): 124-132. 
Mukherjee, A., Fryar, A. E. and Rowe, H. D. (2007). Regional-scale stable isotopic 
signatures of recharge and deep groundwater in the arsenic affected areas of 
West Bengal, India. Journal of Hydrology  334(1–2): 151-161. 
Mukherjee, R. and De, S. (2014). Adsorptive removal of phenolic compounds using 
cellulose acetate phthalate–alumina nanoparticle mixed matrix membrane. 
Journal of Hazardous Materials  265: 8-19. 
Mulder, M. H. V. (1996). Basic Principles of Membrane Technology. Academic 
Publisher. 
 
159 
N. Eustathopoulos, Nicholas, M. G. and Drevet, B. (1999). Wettability at High 
Temperatures. Elsevier Science. 
Nabe, A., Staude, E. and Belfort, G. (1997). Surface modification of polysulfone 
ultrafiltration membranes and fouling by BSA solutions. Journal of 
Membrane Science  133(1): 57-72. 
Naim, R., Levitsky, I. and Gitis, V. (2012). Surfactant cleaning of UF membranes 
fouled by proteins. Separation and Purification Technology  94(0): 39-43. 
Nair, A. K., Isloor, A. M., Kumar, R. and Ismail, A. F. (2013). Antifouling and 
performance enhancement of polysulfone ultrafiltration membranes using 
CaCO3 nanoparticles. Desalination  322(0): 69-75. 
Narr J, V. T., Jin YC (2007). Applications of nanotechnology in water/wastewater 
treatment: a review. Fresen Environ Bull 16: 320-329. 
Navarro, P. and Alguacil, F. J. (2002). Adsorption of antimony and arsenic from a 
copper electrorefining solution onto activated carbon. Hydrometallurgy  
66(1–3): 101-105. 
Nesbitt, H. W., Canning, G. W. and Bancroft, G. M. (1998). XPS study of reductive 
dissolution of 7Å-birnessite by H3AsO3, with constraints on reaction 
mechanism. Geochimica et Cosmochimica Acta  62(12): 2097-2110. 
Ng, L. Y., Mohammad, A. W., Leo, C. P. and Hilal, N. (2013). Polymeric 
membranes incorporated with metal/metal oxide nanoparticles: A 
comprehensive review. Desalination  308(0): 15-33. 
Nguyen, V. T., Vigneswaran, S., Ngo, H. H., Shon, H. K. and Kandasamy, J. (2009). 
Arsenic removal by a membrane hybrid filtration system. Desalination  
236(1–3): 363-369. 
Nik, O. G., Chen, X. Y. and Kaliaguine, S. (2012). Functionalized metal organic 
framework-polyimide mixed matrix membranes for CO2/CH4 separation. 
Journal of Membrane Science  413–414(0): 48-61. 
Nyström, M. and Järvinen, P. (1987). Modification of polysulfone ultrafiltration 
membranes with UV irradiation and hydrophilicity increasing agents. Journal 
of Membrane Science  60(2–3): 275-296. 
Oh, J.-I., Lee, S.-H. and Yamamoto, K. (2004). Relationship between molar volume 
and rejection of arsenic species in groundwater by low-pressure nanofiltration 
process. Journal of Membrane Science  234(1–2): 167-175. 
 
160 
Okada, T. and Matsuura, T. (1988). Pattern formation on the surface of cellulose 
membranes prepared by phase inversion technique. Industrial & Engineering 
Chemistry Research  27(7): 1335-1338. 
Ozaki, H., Sharma, K. and Saktaywin, W. (2002). Performance of an ultra-low-
pressure reverse osmosis membrane (ULPROM) for separating heavy metal: 
effects of interference parameters. Desalination  144(1–3): 287-294. 
Özcan, A. S., Gök, Ö. and Özcan, A. (2009). Adsorption of lead(II) ions onto 8-
hydroxy quinoline-immobilized bentonite. Journal of Hazardous Materials  
161(1): 499-509. 
Ozdes, D., Gundogdu, A., Kemer, B., Duran, C., Senturk, H. B. and Soylak, M. 
(2009). Removal of Pb(II) ions from aqueous solution by a waste mud from 
copper mine industry: Equilibrium, kinetic and thermodynamic study. 
Journal of Hazardous Materials  166(2–3): 1480-1487. 
Pagnanelli, F., Sambenedetto, C., Furlani, G., Vegliò, F. and Toro, L. (2007). 
Preparation and characterisation of chemical manganese dioxide: Effect of 
the operating conditions. Journal of Power Sources  166(2): 567-577. 
Pan, B., Pan, B., Zhang, W., Lv, L., Zhang, Q. and Zheng, S. (2009). Development 
of polymeric and polymer-based hybrid adsorbents for pollutants removal 
from waters. Chemical Engineering Journal  151(1–3): 19-29. 
Pang, F. M., Kumar, P., Teng, T. T., Mohd Omar, A. K. and Wasewar, K. L. (2011). 
Removal of lead, zinc and iron by coagulation–flocculation. Journal of the 
Taiwan Institute of Chemical Engineers  42(5): 809-815. 
Parida, K. M., Kanungo, S. B. and Sant, B. R. (1981). Studies on MnO2—I. 
Chemical composition, microstructure and other characteristics of some 
synthetic MnO2 of various crystalline modifications. Electrochimica Acta  
26(3): 435-443. 
Peeva, P. D., Knoche, T., Pieper, T. and Ulbricht, M. (2012). Cross-flow 
ultrafiltration of protein solutions through unmodified and surface 
functionalized polyethersulfone membranes – Effect of process conditions on 
separation performance. Separation and Purification Technology  92(0): 83-
92. 
Pena, M. E., Korfiatis, G. P., Patel, M., Lippincott, L. and Meng, X. (2005). 
Adsorption of As(V) and As(III) by nanocrystalline titanium dioxide. Water 
Research  39(11): 2327-2337. 
 
161 
Petronis, Š., Berntsson, K., Gold, J. and Gatenholm, P. (2000). Design and 
microstructuring of PDMS surfaces for improved marine biofouling 
resistance. Journal of Biomaterials Science, Polymer Edition  11(10): 1051-
1072. 
Pimanpang, S., Wang, P.-I., Senkevich, J., Wang, G.-C. and Lu, T.-M. (2006). Effect 
of hydrophilic group on water droplet contact angles on surfaces of acid 
modified SiLK and Parylene polymers. Colloids and Surfaces A: 
Physicochemical and Engineering Aspects  278(1): 53-59. 
Pollard, S. J. T., Fowler, G. D., Sollars, C. J. and Perry, R. (1992). Low-cost 
adsorbents for waste and wastewater treatment: a review. Science of The 
Total Environment  116(1–2): 31-52. 
Pradeep, T. and Anshup (2009). Noble metal nanoparticles for water purification: A 
critical review. Thin Solid Films  517(24): 6441-6478. 
Qdais, H. A. and Moussa, H. (2004). Removal of heavy metals from wastewater by 
membrane processes: a comparative study. Desalination  164(2): 105-110. 
Qin, Q., Wang, Q., Fu, D. and Ma, J. (2011). An efficient approach for Pb (II) and 
Cd (II) removal using manganese dioxide formed< i> in situ</i>. Chemical 
Engineering Journal  172(1): 68-74. 
Ramesh Babu, P. and Gaikar, V. G. (2001). Membrane characteristics as determinant 
in fouling of UF membranes. Separation and Purification Technology  24(1–
2): 23-34. 
Rana, D., Kim, Y., Matsuura, T. and Arafat, H. A. (2011). Development of 
antifouling thin-film-composite membranes for seawater desalination. 
Journal of Membrane Science  367(1–2): 110-118. 
Rana, D. and Matsuura, T. (2010). Surface Modifications for Antifouling 
Membranes. Chemical Reviews  110(4): 2448-2471. 
Ranđelović, M., Purenović, M., Zarubica, A., Purenović, J., Matović, B. and 
Momčilović, M. (2012). Synthesis of composite by application of mixed Fe, 
Mg (hydr)oxides coatings onto bentonite – A use for the removal of Pb(II) 
from water. Journal of Hazardous Materials  199–200(0): 367-374. 
Rau, I., Gonzalo, A. and Valiente, M. (2000). Arsenic(V) removal from aqueous 
solutions by iron(III) loaded chelating resin. Journal of Radioanalytical and 
Nuclear Chemistry  246(3): 597-600. 
 
162 
Rautenbach, R., and Albrecht, R., Ed. (1989). Membrane Processes, John Wiley & 
Sons, New York (1989). 
Ray, C. and Jain, R. (2011). Drinking Water Treatment: Focusing on Appropriate 
Technology and Sustainability. Springer. 
Razmjou, A., Mansouri, J. and Chen, V. (2011). The effects of mechanical and 
chemical modification of TiO2 nanoparticles on the surface chemistry, 
structure and fouling performance of PES ultrafiltration membranes. Journal 
of Membrane Science  378(1): 73-84. 
Razmjou, A., Resosudarmo, A., Holmes, R. L., Li, H., Mansouri, J. and Chen, V. 
(2012). The effect of modified TiO2 nanoparticles on the polyethersulfone 
ultrafiltration hollow fiber membranes. Desalination  287(0): 271-280. 
Reimann, C., Matschullat, J., Birke, M. and Salminen, R. (2009). Arsenic 
distribution in the environment: The effects of scale. Applied Geochemistry  
24(7): 1147-1167. 
Ren, Z., Zhang, G. and Paul Chen, J. (2011). Adsorptive removal of arsenic from 
water by an iron–zirconium binary oxide adsorbent. Journal of Colloid and 
Interface Science  358(1): 230-237. 
Riedl, K., Girard, B. and Lencki, R. W. (1998). Influence of membrane structure on 
fouling layer morphology during apple juice clarification. Journal of 
Membrane Science  139(2): 155-166. 
Rudzinski, W. and Plazinski, W. (2006). Kinetics of solute adsorption at 
solid/solution interfaces:  A theoretical development of the empirical pseudo-
first and pseudo-second order kinetic rate equations, based on applying the 
statistical rate theory of interfacial transport. The Journal of Physical 
Chemistry B  110(33): 16514-16525. 
Sadrzadeh, M., Razmi, A. and Mohammadi, T. (2007). Separation of monovalent, 
divalent and trivalent ions from wastewater at various operating conditions 
using electrodialysis. Desalination  205(1–3): 53-61. 
Sairam, M., Patil, M. B., Veerapur, R. S., Patil, S. A. and Aminabhavi, T. M. (2006). 
Novel dense poly(vinyl alcohol)–TiO2 mixed matrix membranes for 
pervaporation separation of water–isopropanol mixtures at 30°C. Journal of 
Membrane Science  281(1–2): 95-102. 
 
163 
Saitua, H., Gil, R. and Padilla, A. P. (2011). Experimental investigation on arsenic 
removal with a nanofiltration pilot plant from naturally contaminated 
groundwater. Desalination  274(1–3): 1-6. 
Santra, S. C., Samal, A. C., Bhattacharya, P., Banerjee, S., Biswas, A. and 
Majumdar, J. (2013). Arsenic in Foodchain and Community Health Risk: A 
Study in Gangetic West Bengal. Procedia Environmental Sciences  18(0): 2-
13. 
Sawyer CN, M. P., Parkin GF . (2003). Chemistry for environmental engineering and 
science.  New York, McGraw Hill. 
Saxena, A., Tripathi, B. P., Kumar, M. and Shahi, V. K. (2009). Membrane-based 
techniques for the separation and purification of proteins: An overview. 
Advances in Colloid and Interface Science  145(1–2): 1-22. 
Schneiter, R. W. and Middlebrooks, E. J. (1983). Arsenic and fluoride removal from 
groundwater by reverse osmosis. Environment International  9(4): 289-291. 
Schumacher, J. F., Carman, M. L., Estes, T. G., Feinberg, A. W., Wilson, L. H., 
Callow, M. E., Callow, J. A., Finlay, J. A. and Brennan, A. B. (2007). 
Engineered antifouling microtopographies – effect of feature size, geometry, 
and roughness on settlement of zoospores of the green alga Ulva. Biofouling  
23(1): 55-62. 
Shannon, M. A., Bohn, P. W., Elimelech, M., Georgiadis, J. G., Marinas, B. J. and 
Mayes, A. M. (2008). Science and technology for water purification in the 
coming decades. Nature  452(7185): 301-310. 
Shi, Q., Su, Y., Zhao, W., Li, C., Hu, Y., Jiang, Z. and Zhu, S. (2008). Zwitterionic 
polyethersulfone ultrafiltration membrane with superior antifouling property. 
Journal of Membrane Science  319(1–2): 271-278. 
Shih, M.-C. (2005). An overview of arsenic removal by pressure-drivenmembrane 
processes. Desalination  172(1): 85-97. 
Singh, D. B., Prasad, G. and Rupainwar, D. C. (1996). Adsorption technique for the 
treatment of As(V)-rich effluents. Colloids and Surfaces A: Physicochemical 
and Engineering Aspects  111(1–2): 49-56. 
Singh, S., Khulbe, K. C., Matsuura, T. and Ramamurthy, P. (1998). Membrane 
characterization by solute transport and atomic force microscopy. Journal of 
Membrane Science  142(1): 111-127. 
 
164 
Singh, T. S. and Pant, K. K. (2004). Equilibrium, kinetics and thermodynamic 
studies for adsorption of As(III) on activated alumina. Separation and 
Purification Technology  36(2): 139-147. 
Smara, A., Delimi, R., Chainet, E. and Sandeaux, J. (2007). Removal of heavy 
metals from diluted mixtures by a hybrid ion-exchange/electrodialysis 
process. Separation and Purification Technology  57(1): 103-110. 
Smedley, P. L. and Kinniburgh, D. G. (2002). A review of the source, behaviour and 
distribution of arsenic in natural waters. Applied Geochemistry  17(5): 517-
568. 
Smedley, P. L., Nicolli, H. B., Macdonald, D. M. J., Barros, A. J. and Tullio, J. O. 
(2002). Hydrogeochemistry of arsenic and other inorganic constituents in 
groundwaters from La Pampa, Argentina. Applied Geochemistry  17(3): 259-
284. 
Smith, A. H., Lopipero, P. A., Bates, M. N. and Steinmaus, C. M. (2002). Arsenic 
Epidemiology and Drinking Water Standards. Science  296(5576): 2145-
2146. 
Şölener, M., Tunali, S., Özcan, A. S., Özcan, A. and Gedikbey, T. (2008). 
Adsorption characteristics of lead(II) ions onto the clay/poly(methoxyethyl) 
acrylamide (PMEA) composite from aqueous solutions. Desalination  223(1–
3): 308-322. 
Sreejalekshmi, K. G., Krishnan, K. A. and Anirudhan, T. S. (2009). Adsorption of 
Pb(II) and Pb(II)-citric acid on sawdust activated carbon: Kinetic and 
equilibrium isotherm studies. Journal of Hazardous Materials  161(2–3): 
1506-1513. 
Srivastava, N. K. and Majumder, C. B. (2008). Novel biofiltration methods for the 
treatment of heavy metals from industrial wastewater. Journal of Hazardous 
Materials  151(1): 1-8. 
Strathmann, H. (1986). Synthetic Membranes and Their Preparation. P. M. Bungay, 
H. K. Lonsdale and M. N. Pinho.Synthetic Membranes: Science, Engineering 
and Applications,  Springer Netherlands. 
Styles, P. M., Chanda, M. and Rempel, G. L. (1996). Sorption of arsenic anions onto 
poly(ethylene mercaptoacetimide). Reactive and Functional Polymers  31(2): 
89-102. 
 
165 
Su, Q., Pan, B., Pan, B., Zhang, Q., Zhang, W., Lv, L., Wang, X., Wu, J. and Zhang, 
Q. (2009). Fabrication of polymer-supported nanosized hydrous manganese 
dioxide (HMO) for enhanced lead removal from waters. Science of The Total 
Environment  407(21): 5471-5477. 
Su, Q., Pan, B., Wan, S., Zhang, W. and Lv, L. (2010). Use of hydrous manganese 
dioxide as a potential sorbent for selective removal of lead, cadmium, and 
zinc ions from water. Journal of colloid and interface science  349(2): 607-
612. 
Sublet, R., Simonnot, M.-O., Boireau, A. and Sardin, M. (2003). Selection of an 
adsorbent for lead removal from drinking water by a point-of-use treatment 
device. Water Research  37(20): 4904-4912. 
Sun, M., Su, Y., Mu, C. and Jiang, Z. (2009). Improved antifouling property of PES 
ultrafiltration membranes using additive of silica− PVP nanocomposite. 
Industrial & Engineering Chemistry Research  49(2): 790-796. 
Szlachta, M., Gerda, V. and Chubar, N. (2012). Adsorption of arsenite and selenite 
using an inorganic ion exchanger based on Fe–Mn hydrous oxide. Journal of 
Colloid and Interface Science  365(1): 213-221. 
Taffarel, S. R. and Rubio, J. (2010). Removal of Mn2+ from aqueous solution by 
manganese oxide coated zeolite. Minerals Engineering  23(14): 1131-1138. 
Takamatsu, T., Kawashima, M. and Koyama, M. (1985). The role of Mn2+-rich 
hydrous manganese oxide in the accumulation of arsenic in lake sediments. 
Water Research  19(8): 1029-1032. 
Tanaka, T., Sun, S.-T., Hirokawa, Y., Katayama, S., Kucera, J., Hirose, Y. and 
Amiya, T. (1987). Mechanical instability of gels at the phase transition. 
Nature  325(6107): 796-798. 
Taniguchi, M., Kilduff, J. E. and Belfort, G. (2003). Low fouling synthetic 
membranes by UV-assisted graft polymerization: monomer selection to 
mitigate fouling by natural organic matter. Journal of Membrane Science  
222(1–2): 59-70. 
Taty-Costodes, V. C., Fauduet, H., Porte, C. and Delacroix, A. (2003). Removal of 
Cd (II) and Pb (II) ions, from aqueous solutions, by adsorption onto sawdust 
of Pinus sylvestris. Journal of Hazardous Materials  105(1): 121-142. 
 
166 
Teli, S. B., Molina, S., Calvo, E. G., Lozano, A. E. and de Abajo, J. (2012). 
Preparation, characterization and antifouling property of polyethersulfone–
PANI/PMA ultrafiltration membranes. Desalination  299: 113-122. 
Teng, S.-X., Wang, S.-G., Gong, W.-X., Liu, X.-W. and Gao, B.-Y. (2009). Removal 
of fluoride by hydrous manganese oxide-coated alumina: performance and 
mechanism. Journal of hazardous materials  168(2): 1004-1011. 
Teychene, B., Collet, G., Gallard, H. and Croue, J.-P. (2013). A comparative study of 
boron and arsenic (III) rejection from brackish water by reverse osmosis 
membranes. Desalination  310(0): 109-114. 
Thirunav ukkarasu, O. S., Viraraghavan, T., Subramanian, K. S., Chaalal, O. and 
Islam, M. R. (2005). Arsenic Removal in Drinking Water—Impacts and 
Novel Removal Technologies. Energy Sources  27(1-2): 209-219. 
Tracey, E. M. and Davis, R. H. (1994). Protein Fouling of track-etched 
polycarbonate microfiltration membranes. Journal of Colloid and Interface 
Science  167(1): 104-116. 
Tratnyek, P. G. and Johnson, R. L. (2006). Nanotechnologies for environmental 
cleanup. Nano Today  1(2): 44-48. 
Tripathy, S. S., Bersillon, J.-L. and Gopal, K. (2006). Adsorption of Cd2+ on hydrous 
manganese dioxide from aqueous solutions. Desalination  194(1–3): 11-21. 
Trivedi, P. and Axe, L. (1999). A Comparison of strontium sorption to hydrous 
aluminum, iron, and manganese oxides. Journal of Colloid and Interface 
Science  218(2): 554-563. 
Trivedi, P., Dyer, J. A. and Sparks, D. L. (2003). Lead sorption onto ferrihydrite. 1. 
A macroscopic and spectroscopic assessment. Environmental Science & 
Technology  37(5): 908-914. 
Tunali, S., Akar, T., Özcan, A. S., Kiran, I. and Özcan, A. (2006). Equilibrium and 
kinetics of biosorption of lead(II) from aqueous solutions by Cephalosporium 
aphidicola. Separation and Purification Technology  47(3): 105-112. 
Üçtuğ, F. G. and Holmes, S. M. (2011). Characterization and fuel cell performance 
analysis of polyvinylalcohol–mordenite mixed-matrix membranes for direct 
methanol fuel cell use. Electrochimica Acta  56(24): 8446-8456. 
Uddin, M. T., Majumder, M.S.I., Figoli, A., Islam, M.A., (2007). Arsenic removal by 
conventional  and membrane technology: An overview. Ind. J. Chem. Tech.,  
14, : p. 441-450. 
 
167 
Ulbricht, M. and Belfort, G. (1996). Surface modification of ultrafiltration 
membranes by low temperature plasma II. Graft polymerization onto 
polyacrylonitrile and polysulfone. Journal of Membrane Science  111(2): 
193-215. 
USEPA (2010). Drinking water contaminants. Retrieved from U.S. EPA website on 
http://water.epa.gov/drink/contaminants/index.cfm. USA. 
Vaishya, R. C. and Gupta, S. K. (2003). Modelling arsenic(III) adsorption from water 
by sulfate-modified iron oxide-coated sand (SMIOCS). Journal of Chemical 
Technology & Biotechnology  78(1): 73-80. 
Vankelecom, I. F. J. (2002). Polymeric Membranes in Catalytic Reactors. Chemical 
Reviews  102(10): 3779-3810. 
Vatanpour, V., Madaeni, S. S., Moradian, R., Zinadini, S. and Astinchap, B. (2012). 
Novel antibifouling nanofiltration polyethersulfone membrane fabricated 
from embedding TiO2 coated multiwalled carbon nanotubes. Separation and 
Purification Technology  90(0): 69-82. 
Vitela-Rodriguez, A. V. and Rangel-Mendez, J. R. (2013). Arsenic removal by 
modified activated carbons with iron hydro(oxide) nanoparticles. Journal of 
Environmental Management  114(0): 225-231. 
Vu, D. Q., Koros, W. J. and Miller, S. J. (2003). Mixed matrix membranes using 
carbon molecular sieves: I. Preparation and experimental results. Journal of 
Membrane Science  211(2): 311-334. 
Waldron, H. A., and  Stofen (1974). Sub-clinical lead poisoning.  Academic Press, 
London New York. 
Wang, S.-G., Gong, W.-X., Liu, X.-W., Yao, Y.-W., Gao, B.-Y. and Yue, Q.-Y. 
(2007). Removal of lead(II) from aqueous solution by adsorption onto 
manganese oxide-coated carbon nanotubes. Separation and Purification 
Technology  58(1): 17-23. 
Wang, Y., Yang, L., Luo, G. and Dai, Y. (2009). Preparation of cellulose acetate 
membrane filled with metal oxide particles for the pervaporation separation 
of methanol/methyl tert-butyl ether mixtures. Chemical Engineering Journal  
146(1): 6-10. 
Wavhal, D. S. and Fisher, E. R. (2002). Hydrophilic modification of 
polyethersulfone membranes by low temperature plasma-induced graft 
polymerization. Journal of Membrane Science  209(1): 255-269. 
 
168 
Weast, R. C. (1974). Handbook of Chemistry and Physics. 
Weber Jr., W. J., DiGiano, F.A. (1996). Process Dynamics in Environmental 
Systems.  , New York., , Wiley-Interscience. 
Wei, X., Wang, R., Li, Z. and Fane, A. G. (2006). Development of a novel 
electrophoresis-UV grafting technique to modify PES UF membranes used 
for NOM removal. Journal of Membrane Science  273(1–2): 47-57. 
Wenzel, R. N. (1936). Resistance of solid surfaces to wetting by water. Industrial & 
Engineering Chemistry  28(8): 988-994. 
Westgate, P. J. and Park, C. (2010). Evaluation of Proteins and Organic Nitrogen in 
Wastewater Treatment Effluents. Environmental Science & Technology  
44(14): 5352-5357. 
WHO (1996). Guidelines for drinking-water quality, health criteria and other 
supporting information, .   2(0): 940-949. 
WHO (2004). Fluoride and Arsenic in Drinking Water Map. Myriad Editions 
(Adapted from Inheriting the World: The Atlas of Children’s Health and 
Environment). 
Wilf, M. and Alt, S. (2000). Application of low fouling RO membrane elements for 
reclamation of municipal wastewater. Desalination  132(1–3): 11-19. 
Wilkin, R. T. (2007). U.S. EPA Monitored natural attenuation of inorganic 
contaminants in ground water.Volume 2: assessment for non-radionuclides 
including arsenic, cadmium, chromium, copper, lead, nickel, nitrate, 
perchlorate, and selenium. EPA/600/R-07/140. Washington, DC. 
Won, Y.-J., Lee, J., Choi, D.-C., Chae, H. R., Kim, I., Lee, C.-H. and Kim, I.-C. 
(2012). Preparation and Application of Patterned Membranes for Wastewater 
Treatment. Environmental Science & Technology  46(20): 11021-11027. 
Xu, M., Wang, H., Lei, D., Qu, D., Zhai, Y. and Wang, Y. (2013). Removal of Pb 
(II) from aqueous solution by hydrous manganese dioxide: Adsorption 
behavior and mechanism. Journal of Environmental Sciences  25(3): 479-
486. 
Yang, Q. and Mi, B. (2013). Nanomaterials for Membrane Fouling Control: 
Accomplishments and Challenges. Advances in Chronic Kidney Disease  
20(6): 536-555. 
 
169 
Yin, J., Coutris, N. and Huang, Y. (2012). Experimental investigation of aligned 
groove formation on the inner surface of polyacrylonitrile hollow fiber 
membrane. Journal of Membrane Science  394–395(0): 57-68. 
Yin, J., Zhu, G. and Deng, B. (2013). Multi-walled carbon nanotubes 
(MWNTs)/polysulfone (PSU) mixed matrix hollow fiber membranes for 
enhanced water treatment. Journal of Membrane Science  437(0): 237-248. 
Yu, L., Peng, X., Ni, F., Li, J., Wang, D. and Luan, Z. (2013). Arsenite removal from 
aqueous solutions by γ-Fe2O3–TiO2 magnetic nanoparticles through 
simultaneous photocatalytic oxidation and adsorption. Journal of Hazardous 
Materials  246–247(0): 10-17. 
Yuan, T., Yong Hu, J., Ong, S. L., Luo, Q. F. and Jun Ng, W. (2002). Arsenic 
removal from household drinking water by adsorption. Journal of 
Environmental Science and Health, Part A  37(9): 1721-1736. 
Zeman, L. J., Zydney, A. L. Marcel Dekker, (1996). Microfiltration and 
Ultrafiltration: Principles and Applications. .  , New York, Marcel Dekker, 
Inc. 
Zhang, G.-S., Qu, J.-H., Liu, H.-J., Liu, R.-P. and Li, G.-T. (2007a). Removal 
mechanism of As (III) by a novel Fe-Mn binary oxide adsorbent: oxidation 
and sorption. Environmental science & technology  41(13): 4613-4619. 
Zhang, G.-S., Qu, J.-H., Liu, H.-J., Liu, R.-P. and Li, G.-T. (2007b). Removal 
Mechanism of As(III) by a Novel Fe−Mn Binary Oxide Adsorbent:  
Oxidation and Sorption. Environmental Science & Technology  41(13): 4613-
4619. 
Zhang, G., Liu, H., Qu, J. and Jefferson, W. (2012a). Arsenate uptake and arsenite 
simultaneous sorption and oxidation by Fe–Mn binary oxides: Influence of 
Mn/Fe ratio, pH, Ca2+, and humic acid. Journal of Colloid and Interface 
Science  366(1): 141-146. 
Zhang, G., Qu, J., Liu, H., Liu, R. and Wu, R. (2007c). Preparation and evaluation of 
a novel Fe–Mn binary oxide adsorbent for effective arsenite removal. Water 
Research  41(9): 1921-1928. 
Zhang, J., Cai, Z., Cong, W., Su, Z. and Ouyang, F. (2002). Mechanisms of protein 
fouling in microfiltration. Ii. Adsorption and deposition of proteins on 
microfiltration membranes. Separation Science and Technology  37(13): 
3039-3051. 
 
170 
Zhang, M., Zhang, K., De Gusseme, B. and Verstraete, W. (2012b). Biogenic silver 
nanoparticles (bio-Ag0) decrease biofouling of bio-Ag0 /PES nanocomposite 
membranes. Water research  46(7): 2077-2087. 
Zhang, W.-x. (2003). Nanoscale Iron Particles for Environmental Remediation: An 
Overview. Journal of Nanoparticle Research  5(3-4): 323-332. 
Zheng, Y.-M., Lim, S.-F. and Chen, J. P. (2009). Preparation and characterization of 
zirconium-based magnetic sorbent for arsenate removal. Journal of Colloid 
and Interface Science  338(1): 22-29. 
Zheng, Y.-M., Yu, L., Wu, D. and Paul Chen, J. (2012). Removal of arsenite from 
aqueous solution by a zirconia nanoparticle. Chemical Engineering Journal  
188(0): 15-22. 
Zheng, Y.-M., Zou, S.-W., Nanayakkara, K. G. N., Matsuura, T. and Chen, J. P. 
(2011). Adsorptive removal of arsenic from aqueous solution by a 
PVDF/zirconia blend flat sheet membrane. Journal of Membrane Science  
374(1–2): 1-11. 
 
  
 
